The index finger and the 4th finger ratio (2D:4D) is the indicator of the prenatal testosterone. The aim of this study is to investigate the relationship between 2D:4D, hand preference and hand grip strength in swimmers. A total of 80 elite swimmers, participated in the study. Height, body weight, body mass index (BMI), hand 2D:4D finger measurements and hand grip strength tests were performed for athletes. The hand preference was determined by the Oldfield questionnaire and it was evaluated according to the Geschwind score. The data were recorded in the SPSS 20 program and p<0.05 was considered as statistically significant. It was found that in both men and women, a negative correlation was found between right and left hand 2D:4D and both dominant (DHGS) and non-dominant hand grip strength (NDHGS) values. It was found that men had lower 2D:4D ratio than women. For both right and left handed, there was a statistically significant difference between the right and left hand 2D:4D ratios in both men and women (p<0.05) and the dominant hand (DH) 2D:4D ratios were found to be lower than non-dominant hand (NDH) 2D:4D ratios in both men and women (p<0.05) It can be said that the 2D:4D ratios may be the effect of determining the hand preference, the grip strength and therefore the strength.
Introduction
The force is one of the basic biometric skills and it has a worthless value for every sport branch (Acar 2000) . In order to generate and develop strength, the diameter of the muscle fibres must be increased, and fort he increase of the muscle fibers, there must be sufficient testosterone hormone in it (Muratlı 2007) .
The different concentrations of testosterone and oestrogen hormones in the uterus determine the proportion of the finger lengths of the child (Manning et al. 1998) . 2D:4D finger length ratios were adopted as an indicator of to what level people were exposed to testosterone in their mother's womb (Powell 2012) .Second and fourth digit ratio (2D:4D) is the ratio of the length of the second digit to that of the fourth digit. The fourth digit is the ring finger of the human hand and the second most ulnar finger located between the middle finger and the little finger. The second digit is the index finger, which is the first finger and the second digit of the human hand (Oladipo et al. 2017) . Manning et al. (1998) have suggested that the ratio between the lengths of the 2nd (index) and 4th (ring) fingers (the 2D:4D ratio), a sexually dimorphic trait with lower mean 2D:4D in males compared to females, is negatively related to prenatal testosterone and positively related to estrogen (Manning et al. 1998 ). This relationship is negatively associated with sportive performance (Hönekopp & Shuster, 2010) .
The negative correlation between 2D:4D and physical power is assumed to affect sports performance (Hönekopp et al., 2006; Malas et al., 2006) . In many studies, 2D:4D finger ratio showed a negative correlation with physical fitness (Manning, 2002; Manning and Taylor, 2001 ). Low 2D:4D ratio is considered to be associated with high performance levels in many sports branches (Manning and Taylor, 2001; Manning, 2002; Paul et al. 2006; Bennett et al. 2010; Longman et al. 2011) . Sports performance depends on both an advanced cardiovascular system and muscle strength. There is a more direct relationship between 2D:4D and muscle strength (Tamiya et al. 2012) .
There are studies which shows the relationship between 2D:4D, muscle strength and hand grip strength (Fink et al., 2006; Moffit and Swanik, 2010) . Hand grip strength is the factor that determines total muscle strength in children, adolescents and young adults and it is an indicator of overall health and physical strength (Groslambert, 2002; Massey-Westrop et al. 2004; Foo, 2007; Wind et al. 2010; Tamiya et al. 2012) . At the same time, the grip strength is one of the basic functions of the upper extremity (Kaplan, 2016) . Anthropometric properties in swimming, especially effects the strength of the upper extremity. Elite swimmers have longer arms and a wider surface hand area (Troup, 1999) . For this reason, in swimmers it is important to examine the grip strength, which is considered to be an indicator of physical strength, along with anthropometric measurements and 2D:4D ratio.
The fact that 2D:4D ratio is negatively associated with physical strength and sportive performance (Hönekopp & Schuster, 2010) , it can be explained as a biological marker for performance in various sports (Manning et al. 1998; Hönekopp & Schuster, 2010) . The ratio of finger lengths to each other was determined in the mother's womb and did not change in the adolescent period or in the adult period (Çelik et al. 2010 ). If it is consider the importance of determining the talent identification at young ages to achieve the highest level of performance in sport, it will be better understood the importance of the relationship of strength with 2D:4D ratio, which is associated with high performance level. In this field there are studies in the literature for various branches (Manning & Taylor, 2001; Manning, 2002; Pokrywka et al. 2005; Hönekopp et al. 2006; Voracek et al. 2006; Tester & Campell 2007; Bennett et al. 2010) , however, studies which is conducted for swimmers is limited in the literature (Jurimae et al. 2008; Sudhakar et al. 2013 ). Our study is also the first study to investigate the relationship between 2D:4D with hand preference and strength together in this field. The aim of this study was to investigate the relationship between 2D:4D, hand preference and hand grip strength in elite swimmers.
Method
A total of 80 Elite swimmers, 41 male and 39 female, participated in the study. The height, body weight, BMI and hand preferences of these athletes were determined and 2D:4D finger measurements and hand grip strength tests were performed.
Holtain brand anthropometric set was used for measurements. Weight measurement of athletes, precision degree 0,1 kg sensitive digital pressure, length measurement, 0.01 m and BMI was calculated by the ratio of the body weight (kg)/ length (m 2 ) formula in the sensitivity scale.
In the determination of preferences for lateralization, hand selection was determined by the Oldfield questionnaire and evaluated according to the Geschwind score .Grouping was made as full-handed right-handed ones and "right handed, left-handed ones, and full "left-handed" After the two hands of the athletes have been photocopied, the second hand is on the palmar side. 2th finger (index finger) and 4th finger (ring finger) lengths were determined using calliper, which can measure up to 0.05 mm, between the basal line and pulpa in proximal section. Measurements were made twice by the same person to ensure reliability, measured in millimetres (mm). In order to determine the ratio, the second finger length is divided into the fourth finger length. Hand grip strength values were measured by using the hand dynamometer in accordance with international standards. The measurements with Jamar hydraulic dynamometer (Sammons Preston, USA) were first started from the dominant side. Measurements were made in the athletes at seated position without getting support from the body while the front arm was at 90 o flexion position. The right and left hand were measured twice separately and the best value was recorded as kg.
The data were evaluated in SPSS 16. T-test and correlation analysis were used in statistical analysis. It was found that 80,48 % of men were right handed, 19,52 % were left handed, and 76,92 % of girls were right handed and 23.08% were left handed. There is no significant difference was found between gender and dominant hand (p>0,05). In our study, the highest grip strength was found to be NDHGS 47.79 kg in right handed men and the lowest grip strength was NDHGS 33.22 kg in left handed women. The average of 2D:4D according to hand preferences in men was found to be lower than in women. It is found that there was statistically significant difference between 2D:4D with either DHGS and NDHGS in both male and female right handed players (p<0.05). Negative correlations were found in all left handed players. But only in left handed men, significant difference was found between left hand 2D:4D and grip strength (p<0.05). There was no significant difference was found between the other groups (p>0.05). In left handed girls, the correlation between right hand 2D:4D and DHGS,NDHGS was determined as the lowest negative correlations (r=-,048, r=-,057), and in left handed men, the correlation between left hand 2D:4D and DHGS,NDHGS was determined as the highest negative correlations in this study (R=-,866, R=-787). It is determined that there was no statistically significant correlation between age and sports age and left and right hand 2D:4D ratios (p>0.05). It was found that there was a significant correlation with the ratio of right hand 2D:4D compared to the ratio of right hand 2D:4D (p<0.05). There were no significant differences between the two groups (p<0.05).It was determined that both DHGS and NDHGS had a statistically significant relationship with height and BMI (p <0.05), but not with age and sport age. According to the t test results in the independent groups, statistically significant differences were found between male and female left and right handed 2D:4D averages (p<0.05). Right hand 2D:4D ratios are higher at the left handed and left hand 2D:4D ratios are higher at the right handed ones.
Results

Discussion
In the present study, 80.48% of the participants were right handed hand, 19.52% were left handed, and 76.92% of the girls were right handed, 23.08% were left handed. In a study, conducted by Loffing et al. (2012) , volleyball players (n=36) left handedness rate was determined as 11.11%. The right hand oppression in Turkey is seen in 85-90% of the population (Kütükçüoğlu, 1993) . Being left handed in many branches can provide significant advantages for the athlete. This may be associated with athletes' left hand preference rates being higher than the normal population.
In our study, it was determined that, Gümüş (2017) , determined the averages of elite male fencers DHGS as 44.2 kg in right handed, 43.9 kg in left handed, for NDHGS in right handed 42.8 kg, in left handed 41.5 kg. In all studies, the average of the athletes groups was given and the results of the study showed close averages. Although the hand grip strength averages are similar to the grip strength averages in swimmers, the hand grip strength determines total muscle strength, and the overall health and physical strength is considered a physical strength indicator. Despite the fact that the ball in the handball and the fencing in the fencing are constantly grasped by hand,the hand grip strength averages are similar to the grip strength averages in swimming, the grip strength is predictive of total muscle strength and the general health and physical strength are considered as an indication of a physical strength.
There was a statistically significant difference between 2D:4D and DHGS and NDHGS in both male and female right handed hands (p<0.05). Lu et al., (2017) , determined negative significant differences between 2D:4D and hand grip strengths in his study (n=346). The results are similar and support the literature knowledge (Hönekopp & Shuster, 2010) that the 2D:4D ratio is negatively associated with force, physical strength and athletic performance. In this study, it was found that men had lower 2D:4D ratio than women. Manning (2002) and Lutchmaya et al. (2004) found that the male athletes 2D:4D ratio in both hands was lower than female athletes in their studies. Lu et al. (2017) , found similar results in the study (n=346), and all of these results, which were lower for men's 2D:4D average than women (Manning et al, 1998; Manning and Taylor 2001; Hönekopp & Watson, 2011; Van Honka et al. 2011 ) confirm the literature information. In our findings, the 2D:4D averages are lower than the 2D:4D averages in both men and girls. This means that 2D:4D ratios can have an impact on hand selection, and hand selection can be said to have no impact on environmental or sporting conditions.
As a result, the left hand preference rates of athletes in our study were quite high compared to the general population. In both men and women, there was a negative correlation between both right and left hand 2D:4D and it was also found that the 2D:4D averages of men were lower than that of women. In the right handed and left handed ones, there was a statistically significant difference between the right and left hand 2D:4D ratios in both men and women (p<0.05), and the 2D:4D ratios were lower than the 2D:4D ratios. This means that 2D:4D ratios can have an effect on hand selection. 2D:4D ratios can be said to have an effect upon the grip strength and force.
